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1
PROGRAMMABLE PROCESSOR

FIELD OF THE INVENTION

The invention relates to a programmable processor, and in
particular, to a digital signal processor for sample rate con-
version on a programmable processor. The invention also
relates to a method of resampling a digital signal.

BACKGROUND

Programmable processors operate according to a sequence
ol operations taken from a set of operations known as an
instruction set. A program 1s usually written 1n a higher level
source code, such as C, which 1s used to define the sequence
of operations that are to be executed by the programmable
processor. In other words, rather than writing the sequence of
operations directly using operations from the mstruction set,
the high level language provides a more user friendly method
of programming, which 1s then compiled 1nto a set of execut-
able operations taken from the 1nstruction set.

The mapping between the high level source code and the
instruction set does not have to be one-on-one. For example,
an operation in the source code can be mapped onto several
executable operations. Also, several operations 1n the source
code can be mapped onto a single executable operation.

Programmable processors are widely used 1n digital signal
processing, including image processing and 3D graphics.
One operation that 1s carried during 1image processing 1s tex-
ture mapping, which involves a process known as resampling.
Resampling 1s the process of minification (decimation) and
magnification (interpolation), for example where a digital
image 1s resampled to a different resolution.

Most texture mapping hardware 1s based on the principles
of inverse texture mapping, whereby a prefilter of a pixel (1n
screen space) 1s mapped onto mput samples (texels). While
iverse texture mapping has the advantage of being simple to
implement in hardware, 1t sutlers from the disadvantages of
either having poor quality (such as aliasing or blurry arte-
facts) or that the filters become very complicated.

An alternative to mverse texture mapping i1s forward tex-
ture mapping, whereby texels are mapped to screen space. A
known circuit for performing forward texture mapping 1s
described in “Resample hardware for 3D graphics™, Meinds
& Barenbrug, Proceedings of Graphics Hardware 2002,
pages 17-26, 2002. However, known methods of forward
texture mapping such as this do not provide efficient image
processing or use fully dedicated hardware.

The aim of the present invention 1s to provide a program-
mable processor and a new digital signal processing operation
for performing digital resampling more efficiently on a pro-
grammable processor by performing a dedicated operation
rather than executing separate (finer granularity) operations
as carried out on a conventional programmable processor.
More specifically, the present invention 1s concerned with a
digital image processor for use with forward texture mapping.

SUMMARY OF THE INVENTION

According to a first aspect of the invention there 1s provided
a programmable processor for processing one or more mput
sample values of a digital signal to produce an output signal,
the processor comprising:

a first logic unit adapted to generate first and second weight
values (w, wN);

a second logic unit adapted to receive an mnput sample value
(rgbaln) and the second weight value (wIN), and to weight the
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input sample value (rgbaln) with the second weight value
(WN) to produce a weighted sample value, and further
adapted to add the weighted sample value to one or more
previously generated weighted sample values to generate an
accumulated weighted sample value (rgbaPartOut);

a third logic unit adapted to receive the input sample value
(rgbaln) and the first weight value (w), and to generate an
output sample (rgbaOut) based on the mput sample value
(rgbaln), the first weight value (w) and the accumulated
weilghted sample value (rgbaPartOut) output from the second
logic unait.

According to another aspect of the invention, there 1s pro-
vided a method of performing a digital signal processing
operation in which one or more input sample values of a
digital signal are processed to produce an output signal, the
method comprising the steps of:

generating first and second weight values (w, wiN);

welghting an mput sample value (rgbaln) with the second
weight value (wN) to produce a weighted sample value, and
adding the weighted sample value to one or more previously
generated weighted sample values to generate an accumus-
lated weighted sample value (rgbaPartOut); and

generating an output sample (rgbaOut) based on the 1nput
sample value (rgbaln), the first weight value (w) and the
accumulated weighted sample value (rgbaPartOut).

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention, and to show
more clearly how 1t may be carried into effect, reference will
now be made, by way of example only, to the following
drawings 1n which:

FIG. 1 shows a high level view of a digital signal resample
operation of the present invention;

FIG. 2 shows a block diagram illustrating the resample
operation of FIG. 1 1n greater detail;

FIG. 3 shows a circuit diagram illustrating how the digital
signal resample operation of FIGS. 1 and 2 may be imple-
mented 1n hardware;

FIG. 4 shows a flow diagram describing the operation of

FIGS. 1 to 3.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

It1s noted that the preferred embodiment 1s being described
in relation to performing a digital image resampling function
called texture mapping in a 3D graphics pipeline. However, 1t
will be appreciated that the invention can also be used for
other digital image or digital signal processing operations,
including down scaling of video signals, such as down scaling
from a camera to a display of a mobile phone. Also, the
invention 1s very suitable for use 1n warping of digital images
or other forms of non-uniform resampling.

Prior to discussing the digital signal processor and resa-
mple operation of the present invention 1n greater detail, a
brief explanation will first be given about the resampling
process. The perspective transiformation of a texture map 1s a
two dimensional resampling process, 1e the transformation
maps a sampled input image (the texture map ) onto a sampled
output image (the screen). The 1deal resampling process con-
sists of four steps:

1. Using a reconstruction {filter to construct a continuous
signal from the discrete mput;

2. Transforming the reconstructed mput signal;

3. Prefiltering the transformed signal to bandlimait the signal
to half the output sample rate;
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4. Sampling the filtered signal to produce the discrete output.

Most of the texture mapping 1n a typical 3D scene results in
mimfication (1e the number of output samples 1s smaller than
the number of 1nput samples). In such cases, the prefilter that
attenuates high frequencies caused by minification has more
influence on the quality of the resulting 1image than the recon-
structing filter. Therefore, for minification, a high quality
prefilter 1s desired whereas the construction filter 1s less
important.

In the case of magnification, however, the reconstruction
filter dominates the prefilter. Mimfication 1s the more critical
case because i1t can generate high frequencies that can give
rise to undesired aliasing artefacts.

According to the invention, a digital signal processor and a
new digital signal resampling operation 1s provided for pro-
cessing images and 3D graphics. The digital image processor
can be used for down-scaling (1.e. minification, decimation or
down-sampling) a digital image with a stepless variable scale
factor (across the 1image). In other words, the scale factor can
be every rational value below 1, however the real accuracy 1s
determined by the fractional precision of the texel (input
sample) coordinates, as will be described later 1n the applica-
tion.

FIG. 1 shows a high level view of the resample operation 1
according to the present invention, together with the input and
output connections required for performing the digital image
processing operation of the present invention. The resample
operation 1 1s described using four colour channels: r,g,b and
a. However, 1t will be appreciated that it 1s also possible to
apply the imvention to variants with less or more colour chan-
nels. Also the preferred embodiment uses 8 bits per colour
channel. Again, 1t will be appreciated that any other number
of bits per colour channel could be used without departing
from the scope of the invention as defined in the claims.

The resample operation 1 1s connected to recetve input
signals comprising a “xlr” signal 3, a “rgbaln™ signal 5 and a
“rgbaPartIn” signal 7. In the described embodiment, the xIr
signal 3 comprises two sets of 16 bits called xr and x1, respec-
tively. The xr and x1 signals are inputs, being the coordinates
of a current and previous mput sample, respectively. The
rgbaln signal 5 relates to the input sample colour, and com-
prises 4 colour channels (ie r, g, b, a) each having 8 bits, thus
comprising 32 bits in total. The rgbaPartln signal 7 comprises
4 signals, each having 16 bits, thereby comprising 64 bits 1n
total.

According to the preferred embodiment, the resample
operation 1 produces output signals comprising a bundled
“xOut/genPix” signal 9, a “rgbaOut” signal 11 and a *“rgba-
PartOut” signal 13. The rgbaOut signal 11 contains 4 colour
channels each having 8 bits, thus providing a 32 bit output
signal. The rgbaPartOut signal 13 comprises 4 signals each
having 16 bits, thereby providing a 64 bit output signal. The
xOut/genPix signal 9 comprises an xOut signal, for example
assigned to bits [15..0], and a genPix signal assigned to bit 16.
In the example, bits [31..17] of signal 9 are unused. The
function of each of these signals will be described 1n greater
detail 1n relation to the other figures.

It 1s noted that, instead of bundling these ports such that
they fit 32 bits or 64 bits, they could also be connected sepa-
rately or bundled differently. The xOut signal relates to the
integer coordinate where the colour value of the output signal
rgbaOut 11 1s meant for. The xOut signal and output signal
rgbaOut are only meaningiul when the genPix signal 9 1s true,
indicating that the last input sample that contributes to this
output pixel has been processed. In other words, the genPix
signal 9 1s outputted to inform the higher level software
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whether or not the rgbaOut value 11 1s valid (1e indicating 11
the rgbaOut value 11 i1s to be processed further or to be
neglected).

It 1s noted that the rgbaPartOut signal 13 and rgbaPartln
signal 7 relate to the same (64 bit) register. The colours of the
input samples that contribute to a single output sample are
weilghted and then accumulated 1n this register, thus making
the register an accumulation register. The precision must be
high to allow larger minification factors where a large num-
ber, say one hundred, mput samples each make a small con-
tribution towards the output sample. Each of the small con-
tributions would be rounded to zero in the case where
precision was say 8 bits istead of 16 bits.

FIG. 2 shows a block diagram 1llustrating the operation of
the resample operation 1 of FIG. 1 1 greater detail. The
resample operation comprises a first logic unmit 21 for receiv-
ing the mput sample coordinates in the form of the xr and xl1
signals, 1¢ the coordinates for the current and previous
sample, respectively. The logic unit 21 1s configured to deter-
mine the colour weights of the input samples, and to output a
first colour weight value “w” and a second colour weight
value “wN”. The first colour weight value w 1s the weight
derived from phase r, while the second colour weight value
wN 1s the weight dertved from phase 1. The logic unit 21 also
produces the output sample coordinate, 1e the xOut signal 9
that relates to the integer coordinate where the colour value of
output signal rgbaOut 11 1s meant for. Also, the logic unit 21
1s configured to generate the genPix signal 9 that indicates
whether or not the output sample 1s valid.

A second logic unit 23 recerves the second colour weight
value wN relating to phase 1 and the input sample colour, 1e
the rgbaln signal 5, and 1s configured to weight the input
sample colour with the colour weight value wN. The resultant
weighted sample colour 1s added to the rgbaPartln signal 7,
(which corresponds to the accumulated weighted sample
colours from one or more previous iterations or passes). The
second logic unit 23 produces a new accumulated weighted
sample colour, 1e the rgbaPartOut signal 13, that1s stored in a
register 27. In the preferred embodiment, since each colour 1s
represented by 16 bits, the register 27 comprises 64 bits.
Preferably, the 64 bit register 27 1s part of a register file of the
main processor, as shown by the dotted lines. However, 1t will
be appreciated that the 64 bit register 27 could also be 1ncor-
porated into the hardware of the resample operation 1. As
mentioned earlier, the 64 bit register 27 1s shared between the
rgbaPartOut signal 13 and the rgbaPartln signal 7. In other
words, the accumulated weighted sample colour signal, 1€ the
rgbaPartOut signal 13, of one iteration or pass forms the
rgbaPartln signal 7 of a subsequent 1teration or pass.

A third logic unit 25 recerves the first colour weight value
w and the input sample colour, 1e the rgbaln signal 5, and 1s
configured to weight the iput sample colour with the first
colour weight value w. The resultant weighted sample colour
1s added to the rgbaPartln signal 7, 1e corresponding to the
accumulated weighted sample colours received from the 64
bit register 27, to produce the output colour signal rgbaOut
11. In the present example, the output colour signal 1s rounded
to a lower precision format such as RGBASKSS, thereby
grving the 32 bits shown in FIG. 1.

The operation described above continues for all iterations
of 1nput sample colours that contribute to a single output
sample. When the first logic unit 21 determines that the pro-
cessing has been completed for a particular pixel, the genPix
signal 9 1s asserted to show that the value on rgbaOut 11 1s
valid.
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The resample operation 1 described above 1s a dedicated
signal processing operation that can be performed more effi-
ciently than carrying out the same tasks using known instruc-
tion sets.

FIG. 3 shows 1n greater detail an exemplary circuit for
realising the resample operation 1 shown 1n FIGS. 1 and 2.
The dotted lines have been added to clarify how each section
ol the circuit corresponds to the block diagram shown 1n FIG.

2. It1s noted that the circuit of FIG. 3 can be implemented with
a 1-cyclethroughput and a 2 or 3 cycle latency. It 1s noted that,
in the 2-cycle latency case, the rgbaln and rgbaPartIn can be
tetched one cycle later than the coordinates xlIr such that
1-cycle throughput can be achieved.

Multiplexers 30 and 31, together with their associated con-
nections, are provided to prevent decreasing coordinates and
magnification. In particular, the multiplexer and associated
connections prevent Ml from being bigger than Mr, as will be
described later. The multiplexer 31 and associated connec-
tions prevent Ml from being more than 1 smaller than Mr,
again as will be described later. An XOR operation 32 is
performed on bit 5 of Ml and Mr to generate the genPix signal
that indicates 1f the xOut and rgbaOut signals are ready. The
signal at point 33 1s the fractional part of Mr, while the signal
at point 34 1s the fractional part of Ml. The weighted signal
wN at point 33 1s the weight dertved from phase 1, and 1s used
to weight the mput sample colours (rgbaln) and add the
weighted signal to the rgbaPartln signal. The result 1s then
output on rgbaPartOut. The weighted signal w at point 36 1s
the weight derived from phase r, and 1s used to weight the
input sample colour, which 1s then added to rgbaPartln and
then (after decreasing accuracy) output as the rgbaOut signal.

The circuit described above acts as a dedicated digital
resample operation for processing digital signal tasks such as
forward texture mapping.

In order to explain the resample operation further, the
semantic of the resample operation 1s described 1n the C-func-
tion shown 1n the code of Table 1 below, using the following,
definitions:

typedef unsigned char unss;

typedef unsigned short unslo6;

typedef unsigned int uns3?2;

typedef unsigned long long uns64;

typedef int bool;

#tdefine C 4 // number of color channels, C equals 4
typedef short fixP; // 810.5 fixed pont type for coordinates
#tdefine FPP 5 // fixed point precision behind the dot

#define P_ ONE (fixP) (1 <<FPP )
#define P_ HALF (ixP) ( 1 <<(FPP-1) )
#define P FRAC_MASK (1xP) ( P__ ONE-1 )

It 1s noted that the C and FPP definitions might be chosen
differently.
Table 1—Below

1 void splatbox (unsl6 xIr[2], uns® rgbaln[C], uns16
rgbaPartIn[C], // inputs

2 uns32 *xO0ut, uns8 rgbaOut[C], uns16 rgbhaPartOut[C])//
outputs

3 i

4 // internal variables:

5 int c; // color channel number 3..0

6 fixP phase__1, phase_ r;

7 bool genPix;

8 uns8 w, wN; // welghts (only 5 bits needed)

9
10 fixP Ml =xIr[1] + P_ HALF;
11 fixP Mr =xIr[0] + P_ HALF;
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-continued
12
13 if ( Mr-MI1 <0 ) Ml = Mr; // to prevent decreasing
coordinates
14 if ( Mr-Ml>P__ONE) Ml =Mr-P_ ONE // to prevent
magnification
15
16 genPi1x = (P_ ONE & Mr) !=(P__ ONE & MI);
17 *xOut = (genPi1x<<16) | ( (MI>>FPP) & Ox{itl);
18 // xOut contains genPix boolean at [16]; bits [15..0] contains
signed imteger part of X coordinate
19
20 phase _r=Mr & P_ FRAC_MASK;
21 phase 1=MIl& P_FRAC_MASK;
22
23 // Next 2 lines execution only needed if genPix==1 (it doesn’t

harm to do 1t always)

24 wN =P ONE - phase_ 1;

25 for (¢c=0; ¢c<C; c++) rgbaOut[c]| = ( rgbaPartln[c] + wN *
rgbaln[c] + P_ HALF) >> FPP;

26

27 w = phase_ r-( genPi1x 7 O : phase_ 1);

28 for (¢c=0; ¢c<C; ¢c++) rgbaPartOut[c] = ( genPix ? O :

rgbaPartIn[c] ) + w * rgbaln[c];
29 }

It 1s noted that lines 13 and 14 of the above code relate to
two test conditions performed by the resample operation.
These test are preterably inserted to avoid “illegal” situations.
The program code using the digital image processing of the
present mnvention should not drive the processor with decreas-
ing coordinates (Mr<MI1) or 1n magnification mode (Mr-
MI>1). However, sometimes it 1s difficult to avoid decreasing
coordinates for corner cases, such as perspective projected
near oblique polygons. Thus, 1t 1s much simpler to test for this
case lor every sample, rather than have to provide difficult
code to avoid the comer case. Similar for magnification,
within a span of a triangle, normally 1t 1s rather easy to ensure
minification (Mr-MI<1) by changing the mip-map level.
However, for example, 1n a second pass vertical resampling,
1in a corner case, the samples of an intermediate vertical span
might contain some gaps 1i it 1s close to a near vertical edge
(of a polygon) that has been produced by multiple first pass
horizontal resampling passes. It 1s noted that the tests pro-
vided by these two lines of code correspond to the functions
provided by multiplexers 30 and 31 in FIG. 3.

FIG. 4 illustrates a flow diagram for describing the opera-
tion of the code shown 1n Table 1 above. In step 401 the input
sample coordinates xr and x1 corresponding to the current and
previous samples are received, and increased by 0.5 to pro-
duce the signals Mr and M. The signals Mr and M1 indicate
the right and left border of the reconstruction footprint
belonging to the current mput sample. This function 1s per-
formed by lines 10 and 11 1n the code shown in Table 1

In step 402 the Mr and M1 signals are adapted to prevent
decreasing coordinates and magnification. This function 1s
performed by lines 13 and 14 in the code shown 1n Table 1,
and 1s equivalent to the operation pertormed by the multiplex-
ers 30 and 31 of FIG. 3.

In step 403, the integer part of Ml 1s determined, and forms
the xOut si1gnal that indicates the output sample coordinate.
This function 1s performed by the right part of line 17 1n the
code showninTable 1. In step 404, 1t 1s determined 11 the pixel
colour has finished, and a corresponding genPix signal gen-
erated accordingly. In other words, the genPix signal 1ndi-
cates that all of the imnput sample colours that contribute to a
particular output sample have been processed, thereby con-
firming that the rgbaOut signal 1s valid. This function 1is
performed by line 16 1n the code shown 1n table 1. Preferably,
the xOut signal and the genP1x signal are merged 1n step 403
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to produce the bundled output signal genPix/xOut 9. How-
ever, as mentioned above, these signals could be bundled 1n
other ways, or provided separately to the processor.

In step 406, the first colour weight value w and the second
colour weight value wlN are determined. These functions are
performed by lines 20, 21, 24 and 27 1n the code shown in
Table 1.

In step 407, the second colour weight value wN 1s weighted
with the input sample colour received from the rgbaln signal
5. The resultant weighted sample colour 1s added 1n step 408
to the accumulated weighted sample colours (1e the rgbaPar-
tIn signal 7) to produce the rgbaPartOut signal 13. These
functions are performed by line 23 1n the code shown in Table
1.

In step 409, the first colour weight value w 1s weighted with
the input sample colour received from the rgbaln signal 5. The
resultant weighted sample colour 1s added 1n step 410 to the
accumulated weighted sample colours (ie the rgbaPartIn sig-
nal 7) and rounded to a lower precision format, such as
RGBARSRSSS, to produce an output colour signal rghaOut 11.
These functions are performed by line 28 in the code shown n
Table 1.

From the above 1t can be seen that the digital image pro-
cessor operates on input sample colour signals until the gen-
Pix si1gnal indicates that pixel processing has been completed.
At that point 1n time, the colour signal rgbaOut 11 1s valid for
the output sample coordinates shown by the xOut signal 9.
Once completed, the same procedure 1s repeated for the next
pixel of the digital image signal.

According to the invention described above, a digital
image processing operation 1s provided for use in applica-
tions such as performing texture mapping 1n a 3D graphics
pipeline.

Other advantages, implementations and subdivisions of the
c-code are also possible. A somewhat finer granularity would
be to partition the hardware 1n three parts according to the
dashed lines 1n the flowchart of F1G. 4. The top part deals with
the coordinates and producing the colour weight values w and
wN. The other parts might be implemented using vectorized
multiply/add operations. In that case the bottom-left part of
FIG. 4 might be conditionally executed depending on the
x0Out value (e.g. using xOut as a guard of the separate “bot-
tom-left” operation).

Another alternative for a processor that does not contain a
64 bit data path with 64 bit register filed would be to absorb
the (single) register associated with the rgbaPartOut and rgba-
PartIn connections, as shown 1n FIG. 2 mentioned above.

In filter terminology, the digital signal processing opera-
tion described above implements a 1D resampler using a
transposed direct mode FIR filter structure having a box
reconstruction filter and a box pre-filter (also known as anti-
aliasing filter). The box reconstruction filter 1s provided to
avold DC-ripple. The digital signal processing operation has
been devised to perform the texture mapping resampling
function 1n a 3D graphics pipeline, but, as mentioned above,
it can also be used for down scaling of video such as down-
scaling from the camera to a display 1n a mobile phone. Also
the method can also be applied on resampling of non-image
signals.

The present mvention has the advantage over prior art
techniques 1n that the resampling process 1s accelerated. Also,
the operation of the present invention only implements a box
prefilter (prefilter width 1s one), which avoids the need for a
look-up table where the (integral of the) prefilter profile 1s
stored. Furthermore, 1t 1s noted that two test conditions have
been added to be performed within the structure of the resa-
mple operation. This way control code around this operation
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can be avoided. These two test conditions relate to preventing
decreasing coordinates and magnification, as described 1n
relation to lines 13 and 14 of the code 1n Table 1.
According to another aspect of the mvention, the pseudo
code shown 1n Table 2 below details how the digital signal
processing operation can be used to implement 2D down-
sampling of digital images (or other digital data). An 1nput
sample with colours rgbaln 1s resampled (or splatted) to a
group of output samples close to output pixel position (xr, yr).
The samples of the input image to be minified 1s traversed and
the splatbox2D function 1s called for every input sample.
When an 1image has to be magnified by some arbitrary factor
it 1s of course possible to use on-the-fly sample duplication

such that splatbox2D still only has to deal with the minifica-
tion case.

Table 2—Below

---globals---

unslé  xlI;

unsl6 yl [SCRWIDTH];

uns64  rgbaPartH;

uns64 rgbaPartV [SCRWIDTH];

void splatbox2D (fixP xr, fix yr, uns® rghaln[4] )

{

unsg rgbalm([4], // output color of 1st pass (1m =
intermediate)

rgbaOut[4]; // filtered color at pixel position, for

display

uns32 xlr;

uns3?2 xOut, yOut;

bool hGenPix, vGenPix;

unsloé x,vy;:

1st pass resampling -----

xlr = jomn(xl, xr);

Splatbox(xlr, rgbaln, rgbaPartH, xOut, rgbalm, rgbaPartH );
HGenPix = xOut >> 16;

X = (short)xOut;

Xl = xr; // copy xr to xl for use 1n next iteration

if (hGenPix) ----- 2nd pass resampling -----

1

uns32  ylr;

ylr = jom(yl[x], yr);

splatbox(ylr, rgbalm, rgbaPartV[x], yOut, rgbaOut,
rgbaPartV[x] );

vGenPix = yOut >> 16;

y = (short) yOut;

yl[x] =yr;
if (hGenPix && vGenPix) writePixelToScreen( x, y, rgbaOut, swapxy,

flipy);
!
i

In the code shown in Table 2 above, the second pass (eg
Vertical) 1s interleaved with the first pass (eg horizontal). To
enable this the rgbaPartln/Out of the second (interleaved)
pass 1s stored 1n an array.

The invention described above provides more efficient pro-
cessing ol a digital image signal, 1.€. less cycles (for example
cycles/pixel) are required to process the executable program
using the 1mage processing operation compared to an execut-
able program that uses smaller (finer granularity) operations
to implement the 1mage processing.

Although the preferred embodiment has been described as
having three separate logic units, 1t will be appreciated that
this has been done for i1llustrative purposes only, and that the
three separate logic units could equally be viewed as a single
logic unit, or subdivided 1n different ways.

Also, although the preferred embodiment has been
described 1n relation to processing a digital image signal, 1t
will be appreciated that the invention could also be used for
processing any digital signal. Likewise, although the pre-
ferred embodiment has been described 1n relation to using
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colour weight values, these may be weight values relating to
any parameter, 1¢ other than colour.

It should be noted that the above-mentioned embodiments
illustrate rather than limit the invention, and that those skilled
in the art will be able to design many alternative embodiments
without departing from the scope of the appended claims. The
word “comprising’ does not exclude the presence of elements
or steps other than those listed in a claim, “a” or “an” does not
exclude a plurality, and a single processor or other unit may
tulfil the functions of several units recited 1n the claims. Any
reference signs 1n the claims shall not be construed so as to

limat their scope.

The mvention claimed 1s:

1. A programmable processor for processing one or more
input sample values of a digital signal to produce an output
signal, the processor comprising:

a first logic unit adapted to generate first and second weight

values;

a second logic unit adapted to receive an mnput sample value
and the second weight value, and to weight the 1nput
sample value with the second weight value to produce a
weighted sample value, and turther adapted to add the
weilghted sample value to one or more previously gen-
crated weighted sample values to generate an accumu-
lated weighted sample value;

a third logic unit adapted to receive the input sample value
and the first weight value, and to generate an output
sample based on the input sample value, the first weight
value and the accumulated weighted sample value out-
put from the second logic unit.

2. A processor as claimed 1n claim 1, wherein the first logic

unit comprises:

means for recetving a first coordinate signal and a second
coordinate signal relating to current and previous
sample values, respectively; and

means for generating the first and second weight values
based on the first and second coordinate signals.

3. A processor as claimed 1n claim 2, wherein the first logic
unit further comprises means for increasing the values of the
first coordinate signal and the second coordinate signal (x1)
by a predetermined value prior to generating the first and
second weight values.

4. A processor as claimed 1n claim 2, wherein the first logic
unit further comprises means for producing an output coor-
dinate signal for the output sample.

5. A processor as claimed 1n claim 4, whereby the means
tor producing the output coordinate signal 1s adapted to derive
the output coordinate signal from an integer part of the second
coordinate signal.

6. A processor as claimed 1n claim 1, wherein the first logic
unit further comprises means for generating a status signal for
indicating when the output sample and output coordinate
signal are valid.

7. A processor as claimed 1n claim 1, wherein the first logic

unit further comprises means for preventing decreasing coor-
dinates.
8. A processor as claimed 1n claim 1, wherein the first logic
unit further comprises means for preventing magnification.
9. A processor as claimed 1n claim 1, wherein the second
logic unit comprises:
means for recerving the input sample value that contributes
to the output sample value;
means for weighting the input sample value with the sec-
ond weight value to produce a weighted sample value;
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means for adding the weighted sample value to an accu-
mulated weighted sample value from a previous itera-
tion, the result forming the accumulated weighted
sample value.

10. A processor as claimed 1n claim 1, wherein the third
logic unit comprises:

means for receiving the input sample value that contributes

to the output sample value;
means for weighting the input sample value with the first
welght value (w) to produce a weighted sample value;

means for adding the weighted sample value to an accu-
mulated weighted sample value from a previous itera-
tion, the result forming the output sample.
11. A processor as claimed 1n claim 1, wherein the accu-
mulated weighted sample value 1s stored 1n a register file of a
corresponding processor.
12. A processor as claimed in claim 1, wherein an input
sample value relates to an 1mput sample color of an 1mage
signal, and wherein a weight value relates to a color weight
value.
13. A processor as claimed 1n claim 12, wherein the pro-
cessor 1s configured to perform a two dimensional 1mage
signal resampling operation.
14. A processor as claimed 1n claim 1, wherein one or more
of the logic units are combined 1nto a single operational unait.
15. A processor as claimed in claim 14, wherein a register
storing the accumulated weighted sample value forms part of
the single operational unait.
16. A processor as claimed 1n claim 1, wherein one or more
of the logic units form several operational units.
17. A method of performing a digital signal processing
operation in which one or more input sample values of a
digital signal are processed to produce an output signal, the
method comprising the steps of:
generating by a processor first and second weight values;
welghting by a processor an input sample value with the
second weight value to produce a weighted sample
value, and adding the weighted sample value to one or
more previously generated weighted sample values to
generate an accumulated weighted sample value; and

generating by a processor an output sample based on the
input sample value, the first weight value (w) and the
accumulated weighted sample value.

18. A method as claimed 1n claim 17, wherein the step of
generating the first and second weight values comprises the
steps of:

receving by a processor a first coordinate signal and a

second coordinate signal relating to current and previous
samples, respectively; and

generating by a processor the first and second weight val-

ues based on the first and second coordinate signals.

19. A method as claimed 1n claim 18, wherein the step of
generating the first and second weight values further com-
prises the step of increasing by a processor the values of the
first coordinate signal (xr) and the second coordinate signal
by a predetermined value prior to generating the first and
second weight values.

20. A method as claimed 1n claim 18, further comprising
the step of producing by a processor an output coordinate
signal for the output sample.

21. A method as claimed in claim 20, wherein the step of
producing the output coordinate signal involves deriving by a
processor the output coordinate signal from an integer part of
the second coordinate signal.
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22. A method as claimed 1n claim 17, further comprising
the step of generating by a processor a status signal for indi-

cating when the output sample and output coordinate signal
are valid.

23. A method as claimed 1n claim 17, further comprising
the step of preventing decreasing coordinates by a processor.

24. A method as claimed 1n claim 17, further comprising
the step of preventing magnification by a processor.

25. A method as claimed 1n claim 17, wherein the step of
generating an accumulated weight sample value comprises
the steps of:

receiving by a processor the mput sample value that con-

tributes to the output sample;

welghting by a processor the mput sample value with the

second weight value to produce a weighted sample
value;

adding by a processor the weighted sample value to an

accumulated weighted sample value from a previous
iteration, the result forming the accumulated weighted
sample value.

26. A method as claimed 1n claim 17, wherein the step o
generating the output sample comprises the steps of:

receiving by a processor the mput sample value that con-

tributes to the output sample;
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weighting by a processor the input sample value with the
first weight value (w) to produce a weighted sample
value;

adding by a processor the weighted sample value to an

accumulated weighted sample value from a previous
iteration, the result forming the output sample.

27. A method as claimed 1n claim 17, further comprising
the step of storing by a processor the accumulated weighted
sample value 1n a register file of a corresponding processor.

28. A method as claimed in 17, wherein an mput sample
value relates to an input sample color of an 1image signal, and
wherein a weight value relates to a color weight value.

29. A method as claimed 1n claim 28, wherein the method
steps Torm a two dimensional image signal resampling opera-
tion by a processor.

30. A method as claimed 1n claim 17, wherein one or more
of the steps are combined 1nto a single operation by a proces-
SOF.

31. A method as claimed 1n claim 17, wherein one or more
ol the steps are combined 1nto several operations by a proces-
SOF.
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